INTRODUCTION
In a previous study, the existence of a field enhancement in the solid dielectric in the vicinity of a void undergoing PD activity was established [l] . That study was undertaken with reference to a spherical void. In this paper, a more general investigation of this phenomenon of field enhancement is undertaken by extending the study to ellipsoidal voids.
ELECTROSTATIC FIELDS ASSOCIATED WITH ELLIPSOIDAL VOIDS General Considerations
In order to assess the field perturbation which accrues in the bulk dielectric as a result of partial discharge activity, we will consider an ellipsoidal void restricted in extent such that the internal field may be considered as effectively uniform. Moreover, the void is regarded as embedded in an extended dielectric of permittivity E .
Any distribution of the field within the ellipsoid can be resolved into three orthogonal components, each parallel to an axis. Thus it is sufficient to consider the case for which the field is parallel to an axis.
To simplify the analysis we assume that the field within the ellipsoid remains uniform also after the occurrence of discharges. Let Eo denote the ambient applied field, i.e. the field in a void-free system at a location identical to that of the ellipsoidal void. Eo is taken as parallel to the a-axis of the ellipsoid. The field within the void is denoted E,. In the absence of discharges, E, will be related to Eo in the following manner [ where a, b , and c are the semi-axes of the ellipsoid and s is a dummy variable.
The field EA located just inside the bulk dielectric at the surface of the void, i.e. at point A on the a-axis, is for the charge-free system determined by the boundary condition which leads to
After a discharge the boundary condition is where oo is the surface-charge density at A. The field at A can now be expressed as
and the field within the void in the terms
AEA and AE, represent the increase in EA and the d r o p in E, caused by the surface-charge layer on the void wall.
Combining ( 6 ) . ( 7 ) and ( 8 ) yields
To quantify AEA it is first necessary to establish the relationship between uo and AE;. These latter parameters are related t o the field associated with the suppression of the void PD-activity. On this occasion, however, it is more expedient to consider the maximum possible field enhancement accruing within the bulk dielectric as a result of PD-activity within the void. We will designate this enhancement the limiting condition.
Limiting Condition and Consequences
We assume that at some value of Eo, E,Q. the field within the void reduces to zero owing to PD-activity, i.e.
E, = 0. From ( 8 ) the drop in the void field may thus be expressed as:
Under these circumstances, the field EA^ just inside the dielectric at A is the same as the field at A had the ellipsoidal void been replaced by a conducting ellipsoid.
Mathematically the field outside a conductor is the same as the field outside a hypothetical dielectric oE the same geometrical form when the latter is ascribed an infinite permittivity. This implies letting 3 m in (51, which yields the result Note that the parameter K i s the field-enhancement factor for a conducting ellipsoid immersed in an ambient field of magnitude Eo and with its a-axis parallel with Eo. Following PD-actvity, a unique distribution of surfacecharge is required to maintain a uniform-field within the void. The dipole moment p of such a wall-charge distribution has been shown previously to be expressible in the form [2] 4 where 0 = 7 rabc is the volume of the ellipsoid. Comparing (13) and (15) yields
or, with reference to EA^, we obtain an expression for the limiting dipole moment: viz.
The importance of this relationship will be highlighted.
DISCUSSION
The field created in the void by an externally applie\&AC voltage will often attain the inception field strength Ei well before the peak of the applied voltage. This leads to a series of discharges during which E; will vary between Ei and Et, where Et denotes the limiting field strength of the void gas at the pressure in question. Such behaviour is a result of the superposition of the internal space charge field AE; and, via (1)' the externally applied field Eo. Consequently, following a' series of discharges in the same direction per half cycle, the maximum value of AE; is given by
Moreover, on combining (Z), (6), ( 8 ) and (13) we obtain the general expression for the field at A in the bulk dielectric for any value of E;: viz.
For a large number of discharges in the same direction per half cycle, it is indicative that Eo >> E t , such that the field within the void will be reduced to a small fraction of hEo. Hence we can consider the limiting value of AE; to be
Similarly from (19) we obtain EA^ = lim EA = KEo J%+O EA& represents the maximum possible field which accrues within the solid dielectric, as' a result of partial discharge activity within voids of ellipsoidal form.
Referring to (17), we see that, for a given void size, the maximum possible dipole moment associated with PD activity can now be evaluated. This follows from a qualified estimate of the field enhancement, EA^, which is considered to be operative with the insulationmaterial in question. In turn, with respect to test procedures, this dipole moment enables the maximum permissible level of induced charge q t on the detecting electrode to be specified. The induced charge and dipole moment are connected through the A-function [Z]: i.e.
CONCLUSION
' Through an analysis of the fields associated with ellipsoidal voids we are able to deduce the maximum possible field enhancement accruing within the bulk dielectric as a result of PD-activity. Moreover, via the dipole moment of the associated wall-charge distribution, we can quantify in a meaningful manner the maximum level of induced charge to be accepted during testing.
